Bromoselenium Trithiocarbonate, Tellurium Bis(trithiocarbonate), Bromotellurium Trithiocarbonate, Iodotellurium Trithiocarbonate, Tribromotellurium Trithiocarbonate Selenium (1) and tellurium bis(trithiocarbonates) (2) were found to react with bromine and iodine to give the corresponding haloselenium (11) and halotellurium trithiocarbonates (7, 8).
Although selenium and tellurium bis(dithiocarbamates) and bis(xanthates) are known [1] , their trithiocarbonate derivatives (1, 2) are not known, because of instability. Very recently, it was found that selenium-and tellurium bis(dithiocarboxylates) readily react with bromine and iodine to give the corresponding haloselenium and halotellurium dithiocarboxylates [2] . This result prompted us to synthesize haloselenium-[RSC(S)SSeX, R = alkyl, X = Halogen] and halotellurium trithiocarbonates [RSC(S)STeX, R = alkyl, X = halogen] via 1 or 2. Tellurium bis(trithiocarbonates) (2) were found to be isolated in 40 ~ 80% yields by slight modification of Foss's method, while attempts to isolate the selenium derivatives (1) S S 2 RSCSK + Na 2 Es 4 0 6^ » (RSCS) 2 E (1) H 2 0/AC0H 1 (E=Se) 2 (E=Te) under various conditions failed. The yields and physical properties of compounds 2 are summarized in Table I . The aliphatic tellurium bis(trithiocarbonates) (2) obtained are thermally unstable compared with the corresponding dithiocarbamate and xanthate derivatives. They readily decompose at room temperature (ca. 30 °C) with precipitation of black tellurium. In addition, their decomposition proceeds more quickly under basic conditions such as in the presence of triethylamine and pyridine. Tellurium bis(dithiocarboxylates) (3) react with halogens to give the corresponding halotellurium dithiocarboxylates (4) [2] , In contrast, the thiocarboxylic acid de- bis(thiocarboxylates) (6) [3] . It is interesting to clarify which types of products were formed on the reaction of 2 with halogens. When a dichloromethane solution containing an equimolar amount of bromine was added dropwise to tellurium bis(ethyltrithiocarbonate) (2a) at 0 °C, the red color of the solution quickly changed to dark red. Concentration under reduced pressure, followed by allowing to stand overnight below -15 °C, gave bromotellurium ethyltrithiocarbonate (7a) in 60% yield together with traces of tribromotellurium ethyltrithiocarbonate (9 a). By similar treatment of 2 b ~ e, the corresponding bromotellurium trithiocarbonates (7 b ~ e) were isolated in 15 ~ 40% yields (Table II) . Moreover, the same treatment with iodine was
found to yield iodotellurium trithiocarbonates (8 a~c). Interestingly, the use of two molar amounts of bromine afforded the tribromotellurium derivatives S (RSCS) 2 Te 2 (9) as a main product (TableIII), while no triiodo derivatives (10) can be obtained using excess iodine: S RSCSBr 3 (6) 9 S 2 l 2 I //-» RSCSI 3 (7)
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The halotellurium trithiocarbonates (7-9) obtained are more stable towards heating and moisture than the corresponding tellurium bis(trithiocarbonates) (2). Their solubilities in dichloromethane, n-hexane and alcohols are very low. As mentioned above, selenium bis(trithiocarbonates) (1) are too unstable to isolate. Bromoselenium trithiocarbonates (11) are expected to be more stable than 1, because bromo-(7) and iodotellurium trithiocarbonates (8) are more stable than the corresponding tellurium bis(trithiocarbonates) (2). In fact, treatment of the reaction mixture of potassium trithiocarbonates and sodium selenopentathionate with bromine was found to give the ex- 
Experimental
Melting points were determined using a Yanagimoto micro melting point apparatus and are uncorrected. The IR spectra were measured on a JASCO grating IR spectrophotometer IR-G. The UV and visible spectra were obtained with a Hitachi 124 spectrophotometer. Elemental analyses were carried out by the Institute of Applied Organic Chemistry, Faculty of Engineering, Nagoya University.
Materials
Sodium seleno-[1] and sodium telluropentathionates [1] and potassium ethyl, n-propyl-, wo-propyl-, «-butyl-, and wo-butyltrithiocarbonates were prepared according to known methods. All the solvents were dried over sodium metal or calcium chloride and distilled.
Typical procedures for the tellurium bis(trithiocarbonates) (2) bromo-(7) and iodotellurium trithiocarbonates (8), tribromotellurium trithiocarbonates (9), and bromoselenium trithiocarbonates (11) are described below. Their yields, physical properties, and elemental analyses are summarized in Tables I-V 
Tellurium bis(ethyltrithiocarbonate) (2a)
A solution of potassium ethyltrithiocarbonate (4.40 g, 25 mmol) in water (100 ml) was added to an aqueous solution (100 ml) containing sodium telluropentathionate (4.30 g, 10 mmol) and acetic acid (5 ml) at 0 °C (a reddish orange solid immediately precipitates). The reaction mixture was stirred at 0 °C for 30 min and extracted with dichloromethane (200 ml). The dichloromethane layer was dried over sodium sulfate and then cooled to -70 °C for ca. 2 h. Filtration of the resulting precipitate yielded 2.61 g (65%) of 2a as orange needles.
Bromotellurium ethyltrithiocarbonate (7 a)
To a solution of tellurium bis(ethyltrithiocarbonate) (2a, 400 mg, 1 mmol) in dichloromethane (50 ml) was added bromine (1 mmol) in dichloromethane (10 ml) at 0 °C and the stirring was continued at this temperature for 1 h. Filtration of the resulting red precipitate yielded 180 mg (52%) of 7a.
The filtrate was concentrated to ca. 10 ml under reduced pressure, followed by allowing to stand at -15 °C overnight, to give an additional 30 mg (8%) of 7 a. Recrystallization of the combined 7 a from chloroform gave analytically pure 150 mg (44%).
Bromotellurium n-propyltrithiocarbonate (7b)
A solution of potassium «-propyltrithiocarbonate (1.51 g, 7.5 mmol) in water (100 ml) was added to an aqueous solution (100 ml) containing sodium selenopentathionate (1.00 g, 2.5 mmol) and acetic acid (5 ml) at 0 °C. After stirring for 40 min, the mixture was extracted with chloroform (50 ml). The extract was washed with water (50 ml x 3) and dried over anhydrous sodium sulfate. To this chloroform solution, bromine (0.5 mmol) in chloroform (10 ml) was added, followed by stirring at 0 °C for 1 h. (The solution changed from yellow to orange). The reaction mixture was concentrated to ca. 5 ml in a rotatory evaporator. To the concentrate, chloroform (10 ml) and then «-hexane (10 ml) were added and the mixture was allowed to stand at -15 °C overnight. Filtration of the precipitate yielded 76 mg (7%) of 7b as microfine orange crystals.
Iodotellurium isopropyltrithiocarbonate (8 b)
To a solution of tellurium bis(isopropyltrithiocarbonate) (2c, 430 mg, 1 mmol) in dichloromethane (50 ml) was added dropwise bromine (1 mmol) in dichloromethane (20 ml) at 0 °C and the stirring was continued at this temperature for 1 h. (The solution changed from reddish orange to dark purple). Filtration of the black precipitate, followed by recrystallization from chloroform, yielded 92 mg of 8b. Concentration of the filtrate, followed by allowing to stand at -15 °C overnight, gave an additional 64 mg (16%) of 8b.
Tribromotellurium ethyltrithiocarbonate (9 a)
To a solution of tellurium bis(ethyltrithiocarbonate) (2a, 400 mg, 1 mmol) in dichloromethane (30 ml) was added dropwise bromine (2 mmol) in dichloromethane (20 ml) at 0 °C and the stirring was continued at this temperature for 1 h. To the reaction mixture was added n-hexane (10 ml), followed by allowing to stand at -15 °C overnight. Filtration of the yellow microfine crystals yielded analytically pure 500 mg (93%) of 9 a. 
